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1 . 0  BACKGROUND 

MSFC has pe r fo rmed  
p o i n t i n g  v e r s u s  s i d e - p o i n t i n g  

a p r e l i m i n a r y  a n a l y s i s  o f  end- 
f o r  a s o l a r  o r i e n t e d  WorkshoD 

B . *  Thermal a s p e c t s  o f  e a c h  p o i n t i n g  mode a re  d i s c u s s e d  i n  
R e f e r e n c e  1, where p r i m a r y  emphz3is  i s  p l a c e d  on a com.parison 
o f  a l t e r n a t i v e  i n s u l a t i o n  schemes f o r  t h e  Workshop e x t e r n a l  
w a l l .  T h i s  memorandum c o n s t i t u t e s  a b r i e f  r e v i e w  o f  
R e f e r e n c e  1. 

MSFC's thermal a n a l y s i s  i s  b a s e d  on a s i m p l i f i e d  
two-d imens iona l  a n a l y t i c a l  model. The r a t e  of  hea t  g e n e r a t i o n  
(Q) w i t h i n  t h e  Workshop r e q u i r e d  t o  m a i n t a i n  a c o n s t a n t  (70'F) 
c a b i n - a t m o s p h e r i c  t e m p e r a t u r e  i s  c a l c u l a t e d ;  t e m p e r a t u r e s  on 
t h e  i n t e r i o r  o f  t h e  Workshop's walls are o b t a i n e d  as a "by- 
p r o d u c t t '  o f  t h e  a n a l y s i s .  Values  o f  Q r e p o r t e d  f o r  s e v e r a l  
wall-insulation/thermal-coating schemes i n c l u d e  t h e  e f f e c t s  
o f  Ea r th -emi t t ed  r a d i a t i o n  and o r b i t a l  t r a n s i e n t s  i n  d i r e c t  
and E a r t h - r e f l e c t e d  s o l a r  r a d i a t i o n .  Heat  t r a n s f e r  a c c o u n t e d  
for w i t h i n  t h e  Workshop was l i m i t e d  t o  c i r c u m f e r e n t i a l  
c o n d u c t i o n  a round t h e  wall  and r a d i a l  c o n d u c t i o n / r a d i a t i o n  
t h r o u g h  t h e  wal l .  Only one s e t  o f  o r b i t a l  p a r a m e t e r s  was 
c o n s i d e r e d :  a 260 NM c i r c u l a r  o r b i t a l  a l t i t u d e  w i t h  a B a n g l e  
of  7 3 . 5 O ,  i . e . ,  t h e  maximum 8 f o r  an assumed 50" i n c l i n a t i o n  
o f  t h e  o r b i t a l  p l a n e  r e l a t i v e  t o  t h e  e q u a t o r i a l  p l a n e  ( R e f e r e n c e  2 ) . * *  

* E n d - p o i n t i n g  d e n o t e s  t h a t  o r i e n t a t i o n  for which  t h e  
l o n g i t u d i n a l  or "symmetry" axis o f  t h e  Workshop i s  p a r a l l e l  
to t h e  s o l a r  r a y s ;  s i d e - p o i n t i n g  d e n o t e s  an  o r i e n t a t i o n  f o r  
which  t h e  symmetry a x i s  o f  t h e  Workshop i s  no rma l  t o  t h e  s o l a r  
r a y s  and i s  c o n t a i n e d  w i t h i n  t h e  o r b i t a l  p l a n e .  

a n o r m a l  to t he  o r b i t  p l a n e .  A t  B = 73.5' and  a c i r c u l a r  
o r b i t  a l t i t u d e  o f  260  N M ,  t h e  Workshop i s  c o n t i n u o u s l y  e x p o s e d  
t o  d i r e c t  s u n l i g h t .  

**S=Complement o f  t h e  a n g l e  be tween t h e  e a r t h / s u n  l i n e  and 
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MSFC's c a l c u l a t i o n s  were  c a r r i e d  o u t  f o r  f o u r  assumed 
wa l l  c r o s s  s e c t i o n s :  

1. 

2. 

3. 

4. 

C u r r e n t  SIVB s h e l l  and p o l y u r e t h a n e  foam l i n i n g  p l u s  
s t a n d o f f  m e t e o r o i d  b u m p e r .  E m i s s i v i t i e s  o f  t h e  SIVB 
s h e l l ' s  o u t e r  f a c e  and bumper ' s  i n n e r  f a c e  e o u a l  t o  
0 . 9 .  

C u r r e n t  STVB s h e l l  and p o l y u r e t h a n e  foam l i n i n g  n l u s  
s t a n d o f f  m e t e o r o i d  bumper. E v i s s i v i t i e s  o f  t h e  SIVB 
s h e l l ' s  o u t e r  f a c e  and bumper ' s  i n n e r  f a c e  eclual  t o  
0 . 0 5 .  

C u r r e n t  S I V Z  s h e l l  and  p o l y u r e t h a n e  foam l i n i n g  p l u s  
s t a n d o f f  m e t e o r o i d  bumper.  MDA-type s u n e r i n s u l a t i o n  
( K  = 5 .  x 
s h e l l  u n d e r  t h e  bumper. 

Btu /Hr / f t2 /"R)  wrapped a round  S I V B  

C u r r e n t  SIVB s h e l l  and p o l y u r e t h a n e  foam l l n i n g  p l u s  
s t a n d o f f  m e t e o r o i d  bumper.  M u l t i p l e  l a y e r s  o f  a l u -  
min ized  m y l a r  ( s u f f i c i e n t  to p r o v i d e  K = 2 . 5  x 
Btu/Hr/ft*/OR) wrapped a round  SIVB s h e l l  u n d e r  t h e  
bumper.  

The f i r s t  c r o s s - s e c t i o n  c o r r e s p o n d s  to t h e  c u r r e n t  b a s e l i n e  d e s i g n  
o f  Workshop A.* The second  c r o s s - s e c t i o n  i s  t h a t  c u r r e n t l y  u n d e r  
s t u d y  w i t h i n  MSFC ( a n d  McDonnel Douglas  - S t .  L o u i s )  f o r  Workshop 
A as a p o s s i b l e  r e v i s i o n  t o  t h e  c u r r e n t  b a s e l i n e .  The p o t e n t i a l  
change i n  e m i s s i v i t i e s  would r e d u c e  t h e  s e n s i t i v i t y  of  t h e  TiJork- 
shop  t o  t h e  e x t e r n a l  thermal env i ronmen t  and v e h i c l e  o r i e n t a t i o n  
a t  t h e  p r i c e  o f  r e q u i r i n g  an  a c t i v e  h e a t  r e j e c t i o n  c a p a b i l i t y  
f o r  t h e  Workshop. Assuming t h a t  nomina l  c o n d u c t i v i t i e s  o f  s u p e r -  
i n s u l a t i o n  c o u l d  b e  a c h i e v e d  on Workshop B y * *  t h e  t h i r d  and  f o u r t h  
c r o s s - s e c t i o n s  would p r o v i d e  a g r e a t e r  r e d u c t i o n  i n  t h e  v e h i c l e ' s  

* Q v a l u e s  r e p o r t e d  i n  Refe rence  1 for t h i s  c r o s s - s e c t i o n  were 
o b t a i n e d  f rom c u r r e n t  Workshop A s t u d i e s  ( R e f e r e n c e  2 ) ;  as a r e s u l t ,  
t h e  e f f e c t s  of  t h e r m a l  d u c t s / c u r t a i n s  a re  r e f l e c t e d  i n  t h e  r e p o r t e d  
Q ' s .  

i t s  c o n d u c t i v i t y  i n  compzrison w i t h  i t s  optimum (vacuum) p e r f o r m a n c e ;  
i t  i s  t h e r e f o r e  d i f f i c u l t  t o  p r e d i c t  t h e  f l i g h t - p e r f o r m a n c e  con- 
d u c t i v i t y  o f  s u p e r i n s u l a t i o n  wrapped a round  t h e  SIVB s h e l l .  I n  
a d d i t i o n ,  s u c h  i n s u l a t i o n  might  b e  compressed p r i o r  t o  deployment  o f  
t h e  bumper,  s i n c e  t h e  bumper must be  k e p t  u n d e r  t e n s i o n  t o  e l i m i n a t e  
o t h e r w i s e  u n a c c e p t a b l e  p a n e l  f l u t t e r  or i n c r e a s e d  bumper w e i g h t .  
u n c e r t a i n t y  i n  s p r i n g - b a c k  c h a r a c t e r i s t i c s  o f  s u p e r i n s u l a t i o n  would 
f u r t h e r  d e c r e a s e  c o n f i d e n c e  i n  p r e d i c t i n g  i t s  f l i p h t - p e r f o r m a n c e  
c o n d u c t i v i t y .  

** Inadequa te  v e n t i n g  of' s u p e r i n s u l a t i o n  s i g n i f i c a n t l y  i n c r e a s e s  

The 



I 

BELLCOMM, INC. - 3 -  

t h e r m a l  s e n s i t i v i t y  t o  a t t i t u d e  and  i n c i d e n t  hea t  f l u x  t h a n  i s  
l i k e l y  t o  b e  a c h i e v e d  by r e d u c i n g  t h e  e m i s s i v i t i e s  o f  t h e  S I V B  
s h e l l  and m e t e o r o i d  bumper as i n  t h e  s e c o n d  c r o s s - s e c t i o n  
d e s c r i b e d  above .  

2 . 0  MSFC C O N C L U S I O N S  - 
C o n c l u s i o n s  drawn i n  R e f e r e n c e  1 a re  as f o l l o w s :  

"The c u r r e n t  Workshop A i n s u l a t i o n  s y s t e m  w i t h  t h e r m a l  
n o n t r o l  c o a t i n g s  d e s i g n e d  f o r  passive r e j e c t i o n  o f  
i n t e r n a l  h e a t  can  e f f e c t i v e l y  c o n t r o l  t h e  s idewa l l  
hea t  leak and i n t e r n a l  s u r f a c e  t e m p e r a t u r e  f o r  a s i d e -  
p o i n t i n g  o r i e n t a t i o n  o f  t h e  Workshop .'' 
would b e  l i m i t e d  i n  t h e  maximum i n t e r n a l  h e a t  r e t j e c t i o n  
c a p a b i l i t y  t o  t h a t  of Workshop A . "  

For an e n d - p o i n t i n g  o r i e n t a t i o n ,  t h e  Workshcp A thermal  
c o n t r o l  s y s t e m  r e q u i r e s  more t h a n  3 , 0 0 0  wat ts  o f  i n t e r n a l  
hea t  g e n e r a t i o n  t o  m a i n t a i n  a 70°F "a i r"  t e m n e r a t u r e ;  a t  
t h e  same t i n e ,  i n t e r n a l  s u r f a c e  t e m p e r a t u r e s  would b e  
below t h e  c o n d e n s a t i o n  t e m p e r a t u r e  o f  t h e  minimum 
a b s o l u t e  h u m i d i t y  r e q u i r e d  f o r  crew 
t h e  i n t e r n a l  h e a t  g e n e r a t i o n  s u f f i c i e n t l y  t o  e l e v a t e  
wal l  t e m p e r a t u r e s  above t h e  minimum c o n d e n s a t i o n  
t e m p e r a t u r e  would "p robab ly  r e s u l t  i n  r a i s i n p  t h e  c a b i n  
t e m p e r a t u r e  s u b s t a n t i a l l y  above T O O F .  'I 

With an  a c t i v e  h e a t  r e j e c t i o n  s y s t e m  and e i t h e r  t h e  
Workshop A i n s u l a t i o n  p l u s  low e m i s s i v e  c o a t i n g s  z r  
a s u p e r i n s u l a t e d  s h e l l ,  Workshop B c a n  m a i n t a i n  a 
7O0F gas t e m p e r a t u r e  and a c c e p t a b l e  i n t e r n a l  s u r f a c e  
t e m p e r a t u r e s  w i t h  e i t h e r  a s i d e - p o i n t i n g  or end-Doin t ing  
o r i e n t a t i o n .  

1. 

T h i s  "sys tem 

2. 

c o m f o r t .  I n c r e a s i n g  

3 .  

3 . 0  LIMITATIONS OF MSFC ANALYSIS 

The the rma l  model employed i n  R e f e r e n c e  1 n e g l e c t s  
s e v e r a l  s i g n i f i c a n t  e f f e c t s  i n  a c h i e v i n g  a s i m p l i f i e d  a n a l y s i s .  
A s  s t a t ed  i n  t h a t  r e f e r e n c e ,  these  e f f e c t s  i n c l u d e :  

a .  Shadowing o f  t h e  Workshop by s o l a r  a r r a y s  and r a d i a t i v e  
heat  exchange between a r r a y  p a n e l s  and t h e  m e t e o r o i d  
bumper or v e h i c l e  s k i n  ~ 

b. 

e .  

R a d i a t i v e  h e a t  exchange w i t h i n  t h e  Workshop. 

Heat t r a n s f e r  t h r o u g h  t h e  ends  o f  t h e  Workshop. 
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4 . 0  ASSESSMENT 

MSFC's a n a l y s i s  as r e p o r t e d  i n  R e f e r e n c e s  1 and 2 
p o i n t s  t o  t h e  f o l l o w i n g  c o n c l u s i o n s  w i t h  which t h e  a u t h o r  
c o n c u r s  : 

a .  The Workshop A t h e r m a l  c o n t r o l  s y s t e m  i s  n o t  f ea s ib l e  
f o r  an  end-po in ted  Workshop B .  

b .  The Workshop A t he rma l  c o n t r o l  s y s t e m  i s  f e a s i b l e  f o r  
a s i d e - p o i n t e d  Workshop B .  

e .  A p r i m a r i l y  a c t i v e  t h e r m a l  c o n t r o l  s y s t e m  i n t r o d u c e s  
no  i n h e r e n t  r e s t r i c t i o n  t h a t  would l i m i t  t h e  Workshop 
B d e s i g n  t o  e i t h e r  s i d e - D o i n t i n g  or e n d - n o i n t i n g ;  an  
a c t i v e  s y s t e m  a p p e a r s  c a p a b l e  o f  m a i n t a i n i n g  an  
a c c e p t a b l e  t h e r m a l  env i ronmen t  f o r  e i t h e r  v e h i c l e  
a t t i t u d e .  

T h e i r  c o n c l u s i o n  t h a t  a s i d e - D o i n t e d  Workshop B u t i l i z i n g  t h e  
t h e r m a l  c o n t r o l  s y s t e m  of Workshop A "would b e  l i m i t e d  i n  t h e  
maximum i n t e r n a l  h e a t  r e j e c t i o n  c a p a b i l i t y  t o  t h a t  o f  Workshon 
A "  a p p e a r s  t o  be o p t i m i s t i c .  Workshop A i s  s c h e d u l e d  t o  b e  
p l a c e d  i n  a c i r c u l a r  o r b i t  at a 230 N M  a l t i t u d e  w i t h  an o r b i t a l  
i n c l i n a t i o n  o f  28.5" r e l a t i v e  t o  t h e  e a u a t o r .  The maximum v a l u e  
o f  B c o r r e s p o n d i n g  t o  an  i n c l i n a t i o n  o f  28.5" i s  52'. A t  B = 52",  
Workshop A w i l l  b e  exposed  t o  i n c i d e n t  thermal r a d i a t i o n  d i r e c t l y  
f rom t h e  Sun d u r i n g  ~ 7 0 %  o f  an  o r b i t a l  p e r i o d .  For Workshop B ,  
l a u n c h e d  i n t o  an  o r b i t a l  p l a n e  i n c l i n e d  50" r e l a t l v e  t o  t h e  
e q u a t o r i a l  p l a n e ,  t h e  maximum v a l u e  o f  !3 i s  73 .5" .  A t  B = 73.5' ,  
Workshop B ( a l t i t u d e  260 N M )  w i l l  b e  exposed  t o  d i r e c t  s u n l i g h t  
d u r i n g  t h e  e n t i r e  o r b i t a l  p e r i o d .  The o r b i t - a v e r a g e d  d i r e c t  
s o l a r  flux i n c i d e n t  on a s i d e - p o i n t e d  Workshop B w i l l  t h u s  b e  
~ 4 3 %  g r e a t e r  t h a n  t h e  d i r e c t  s o l a r  f l u x  on Workshon A ( s i d e -  
p o i n t e d  d u r i n g  A A P  3 -4 ) .  I n  t h e  o v e r a l l  h e s t  b a l a n c e  o f  kJork- 
shop  B ,  r e l a t i v e l y  more h e a t  i s  s u n n l i e d  by  s o l a r  r a d i a t i o n  
t h a n  i n  Workshop A ;  l e s s  i n t e r n a l  h e a t  g e n e r a t i o n  i s  r e q u i r e d  
t o  m a i n t a i n  t h e  same t e m p e r a t u r e s  w i t h i n  Workshop B t h a n  i n  
Workshop A .  Thus i t  a p p e a r s  t h a t  f o r  a s i d e - p o i n t e d  Workshop B 
employing  t h e  t h e r m a l  c o n t r o l  s y s t e m  o f  'Workshop A ,  t h e  "maximum 
i n t e r n a l  h e a t  r e j e c t i o n  c a p a b i l i t y "  would be  l e s s  t h a n  t h a t  of 
Workshop A .  

5 . 0  FURTHER STUDIES 

A thermal  model more a c c u r a t e  t h a n  t h a t  employed i n  
R e f e r e n c e  1, t o g e t h e r  w i t h  r e a s o n a b l e  es t imates  o f  i n t e r n a l  
h e a t  t o  be  g e n e r a t e d  b y  crew and equ ipmen t ,  w i l l  be  needed  t o  
d e f i n e  t h e  a c t i v e  c o o l i n g / h e a t i n g  r e q u i r e m e n t s  f o r  Workshop B .  
A " second  c u t "  a n a l y s i s  might  r e a s o n a b l y  emuloy a th ree -  
d i m e n s i o n a l  P e p r e s e n t a t i o n  of t h e  Workshop i n c l u d i n g  t h e  e f f e c t s  
o f  s o l a r  a r r a y  shadowing and  i n t e r n a l  c o m p a r t m e n t a t i o n ,  as w e l l  
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as i n t e r n a l  and e x t e r n a l  i n t r a v e h i c u l a r  r a d i a t i v e  hea t  e x c h a n g e .  
Upper and  l o w e r  l i m i t s  on i n t e r n a l  g a s  and s u r f a c e  t e m p e r a t u r e s  
s h o u l d  conform t o  t h e  c r e w ' s  t h e r m a l  comfor t  r e q u i r e m e n t s  ( S e e ,  
for example ,  t h e  MSC/Medical R e s e a r c h  and O p e r a t i o n s  D i r e c t o r a t e ' s  
s t a n d a r d s  g i v e n  i n  Refe rence  3 ) .  A compar ison  o f  a n t i c i p a t e d  
i n t e r n a l  hea t  g e n e r a t i o n  w i t h  t h e  i n t e r n a l  hea t  ra tes  n e e d e d  
t o  m a i n t a i n  a c c e p t a b l e  t e m p e r a t u r e s  d e f i n e s  t h e  a c t i v e  h e a t i n g /  
c o o l i n g  c a p a c i t y  r e q u i r e d .  A p p r o p r i a t e  v e h i c l e  p a r a m e t e r s  would  
i n c l u d e  side-pointing/end-pointing o r i e n t a t i o n s  and i n s u l a t i o n  
schemes as i n  Refe rence  1. I n  a d d i t i o n ,  B a n g l e s  o f  0' ( e x t r e m e  
c o l d  c a s e )  as w e l l  as 73.5 '  ( ex t r eme  h o t  c a s e  f o r  50' i n c l i n a t i o n )  
s h o u l d  b e  c o n s i d e r e d .  Such a s t u d y  would be comparable  t o  e f f o r t s  
t h a t  have  a l r e a d y  been  u n d e r t a k e n  f o r  Workshop A and s h o u l d  
t h e r e f o r e  be  w i t h i n  t h e  e x i s t i n g  c a p a b i l i t y  o f  MSFC and i t s  
c o n t r a c t o r s .  
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